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Maternal handling during pregnancy reduces
DMBA-induced mammary tumorigenesis among
female offspring
L Hilakivi-Clarke
Lombardi Cancer Center and Department of Psychiatry, Georgetown University Medical Center, Washington, DC 20007, USA
Summary The present study investigated whether handling of pregnant rats would affect mammary tumorigenesis in their female offspring.
Pregnant Sprague-Dawley rats were injected daily with 0.05 ml of vehicle between days 14 and 20 of gestation or were left undisturbed.
Handling did not have any effects on pregnancy or early development of the offspring. The female offspring were administered 10 mg of 7,12-
dimethylbenz(a)anthracene (DMBA) at the age of 55 days. The rats whose mothers were handled during pregnancy had a significantly
reduced mammary tumour incidence when compared with the offspring of non-handled mothers. Thus, on week 18 after DMBA exposure,
15% of the handled offspring had developed mammary tumours, whereas 44% of the non-handled offspring had tumours. No significant
differences in the latency to tumour appearance, in the size of the tumours or in their growth rates were noted. Daily handling performed
during post-natal days 5 and 20 produced similar data to that obtained forprenatal handling; on week 18 after DMBA exposure, the mammary
tumour incidence among the post-natally handled rats was 22% and among the non-handled rats 44%. Possible deviations in hormonal
parameters were also studied in adult female rats exposed in utero to handling. The onset of puberty tended to occur later among the handled
offspring, but no differences in the uterine wet weights or serum oestradiol levels between the groups were noted. In conclusion, maternal
handling reduced the offspring's risk to develop mammary tumours, and this effect was independent of the oestrogenic environment at
adulthood. We propose that handling of a pregnant rat reduces mammary tumorigenesis in her offspring by means of changing the
morphology of the mammary gland, the pattern of expression of specific genes and/or immune functions.
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Controversial evidence suggests that various forms ofstressors are
associated with mammary tumorigenesis (Hilakivi-Clarke et al,
1993a). Some investigators have found that significant life stress
events may precede cancer, particularly those exceeding an indi-
vidual's ability to cope (Fox, 1978; Grossarth-Maticek et al, 1985).
Handling occurring early in life permanently alters the ability of
rodents to cope with stress, which is indicative ofenhanced behav-
ioural adjustment (Pfeifer et al, 1976; Hilakivi-Clarke et al, 1991).
In support ofthe behavioural findings, early post-natal handling is
also linked to more adaptive physiological responses to stressful
situations in adulthood. Rats handled early in life show lowered
elevation of plasma corticosterone and adrenocorticotrophin
(ACTH) in response to novel or noxious stimuli (Ader, 1970;
Meaney et al, 1991; Bhatnager and Meaney, 1995) and increased
concentrations ofglucocorticoid receptors in the hippocampus and
frontal cortex (Meaney et al, 1985; Bhatnager and Meaney, 1995)
and altered expression of corticotrophin-releasing factor in the
hypothalamus (Plotsky and Meaney, 1993).
Studies investigating the effects ofearly post-natal handling on
tumorigenesis have generated conflicting data. Handling of
newborn Sprague-Dawley rats retards the growth of Walker-256
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sarcoma (Ader, 1965). However, animals handled during early life
and subsequently injected with Erlich ascites carcinoma or inocu-
lated with a suspension of homogenized spleens from leukaemia
donor animals exhibit no significant changes in survival
(Friedman et al, 1969; LaBarba, 1970). Among DBA/2 mice that
were handled during the post-natal period and later given
intraperitoneal implants of leukaemia cells, survival is shortened
(Levine and Cohen, 1959). We have found that daily handling
during the second and third post-natal weeks results in a signifi-
cantly lower incidence of carcinogen-induced mammary tumours
in rats (Hilakivi-Clarke et al, 1993b).
All the previous studies have examined the effects on tumori-
genesis of handling occurring during the early post-natal life. In
addition, only our study has focused on breast cancer. Prenatal
stress may also be important. Stress during pregnancy alters the
hormonal environment of the fetus (Ward and Weisz, 1980, 1984;
Vom Saal et al, 1990; MacNiven et al, 1992), and accumulating
evidence suggests that high fetal oestrogen levels are linked to
elevated risk to develop breast cancer (Trichopoulos, 1990;
Anbazhagan et al, 1992; Hilakivi-Clarke et al, 1994). The present
study is aimed at expanding our preliminary observations of the
association between early handling and breast cancer to include
the prenatal period. We examined whether handling of a pregnant
rat influences breast cancer risk in her female offspring.
Additionally, we studied whether prenatal handling alters repro-
ductive parameters in the female rats. Several reproductive factors
are associated with increased breast cancer risk; for example, an
early onset ofmenarche (Hulka and Stark, 1995) increases the risk
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to develop this disease. Promotion of DMBA-induced tumours is
dependent on circulating oestrogen levels. Thus, either ovariec-
tomy performed immediately after DMBA exposure or treatment
with the partial oestrogen antagonist tamoxifen attenuates or
completely prevents the growth of mammary tumours (Jordan,
1974, 1976; Russo and Russo, 1991). In contrast, oestradiol
administration stimulates DMBA-induced tumour formation
(Russo et al, 1994). Therefore, we studied the timing of puberty
onset, uterine wet weights and serum oestradiol levels in the
offspring of mothers handled during pregnancy. The results indi-
cate that prenatal handling reduces mammary tumour incidence in
rats without altering the adult oestrogenic environment. Thus,
manipulations ofa pregnant mother may induce permanent biolog-
ical changes in the mammary gland of the offspring that increase
her susceptibility to breast cancer.
METHODS
Prenatal handling
Pregnant female Sprague-Dawley rats, obtained from Charles
River (Wilmington, MA, USA), were housed individually. On
gestation day 14, the pregnant animals were assigned to two
groups: (1) those that were injected daily with a vehicle (n = 10)
and (2) those left undisturbed (n = 6). The vehicle was peanut oil
administered daily s.c. in a volume of 0.05 ml between days 14
and 20 ofpregnancy. The animals had ad libitum access to Purina
Rodent Laboratory Chow 5001.
When the offspring were bom, they remained with their biolog-
ical mother. The body weights of the offspring were recorded on
post-natal days 2, 7, 14 and 21. The animals were weaned at the
age of 3 weeks and then housed in groups containing 4-5 female
rats per cage.
Table 1 Developmental variables in the offspring of mothers handled daily
during days 14 to 20 of pregnancy or in the non-handled controls. (Handling
refers to a subcutaneous injection of a vehicle.) The values are means±SEM
Maternal manipulation
Handling Non-handling
Litter
Number of mothers
Number of litters
Successful pregnancies (%)
Number of pups per litter
Male-female ratio
Female pup weighta
At day 4
At day 7
At day 14
At day 21
Uterine wet weights (g)
At day 25
At day 50
Serum oestradiol levels (pg ml)-')
10
8
80
10.0 ± 1.2
1.2 ± 0.3
7.1 ±0.3
13.3 ± 1.0
24.6 ± 1.4
38.3 ± 3.0
0.20 ± 0.03
(n=3)
1.46 + 0.1
(n = 6)
157.7 ± 35.4
(n = 5)
aMean body weights of a lifter were used.
Maturation of reproductive systems
Puberty onset
Beginning at the age of30 days, the female offspring subsequently
used for mammary tumour studies were examined for puberty
onset. Puberty onset in rodents can be determined by establishing
the age when vaginal opening occurs, the first oestrus occurring
within a few days ofthis event (Eckstein et al, 1973).
Uterine wet weights
At the age of 21 and 50 days, 3-6 female rats per group and age
were sacrificed, and their uterine wet weights (uterus plus ovaries)
were determined. The 50-day-old animals were also used for
serum hormone assays.
Measurement ofserum oestradiol levels
Fifty-day-old female rats were anaesthetized using methoxyflu-
rane inhalant for the collection of their blood by cardiac puncture.
At the time of collecting blood, the animals were in pro-oestrus.
They were sacrificed immediately afterwards by cervical disloca-
tion. Blood was placed in tubes and centrifuged, and the serum
was stored at -70°C until total E2 concentrations were determined
from the samples by using a specific double antibody kit from ICN
Biomedicals (Irvine, CA, USA) according to the manufacturer's
instructions.
Early post-natal handling
We also repeated our earlier study of the protective effect of early
post-natal handling on mammary tumorigenesis. In this study,
newbom Sprague-Dawley rats were housed with their biological
mother who had ad libitum access to Purina Rodent Laboratory
Chow 5001. When the animals were five days of age, the female
pups were either (1) injected daily with saline (1% phosphate-
buffered saline) in an injection volume of 0.1 ml (n = 6 litters) or
(2) left undisturbed (n = 8 litters). The early manipulations were
performed between post-natal days 5 and 20. Animals were weaned
at the age of23 days and, after that, housed in groups of4-5.
Inducing and monitoring of mammary tumorigenesis
Mammary tumours were induced by an administration of 10 mg
(approximately 5 mg per 100 g body weight) 7,12-dimethyl-
benz(a)anthracene (DMBA) (Sigma, St Louis, MO, USA) by oral
gavage. The animals were treated with the carcinogen at the age of
55 days. DMBA was dissolved in peanut oil and given in an injec-
tion volume of 1 ml. DMBA was given to 26 female rats exposed
to handling in utero and to 16 rats whose mothers were not
disturbed during the last trimester of pregnancy. In the post-natal
handling experiment, the number of animals treated with DMBA
was 23 in the handled group and 36 in the non-handled group.
The animals were checked once per week for mammary
tumours by palpation. The end points for data analysis were (1)
latency to tumour appearance, (2) the number of tumours and (3)
tumour growth. Tumour growth rates were measured by recording
the tumour diameters with a calliper and determining the length of
the longest axis and the width perpendicular to the longest axis.
Tumour doubling times were determined only for proliferating
tumours (Brunner et al, 1985), tumour volume and tumour
doubling time being estimated as described by Rygaard and
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Figure 1 The proportion of female rats exposed in utero via their mother to
handling (n = 28) or non-handling (n = 19) with vaginal opening between
post-natal days 33 and 38
Spang-Thomsen (1989). The animals were sacrificed when a
detectable tumour burden approximated 10% oftotal body weight.
The surviving animals and animals that did not appear to develop
mammary tumours were sacrificed 18 weeks after the tumour
induction.
Statistical analysis
Statistical tests were done using the SOLO statistical system
(BMDP Statistical Software, Los Angeles, CA, USA). The results
for vaginal opening and mammary tumour incidence were
analysed using Gehan-Wilcoxon test. Body weights at each
specific age, uterine wet weights, serum E2 levels, tumour latency
and growth rate were analysed using Student's t-test. All probabil-
ities are two-tailed.
RESULTS
Prenatal handling
Physical development
Maternal handling did not have any significant influences on the
early development of the offspring (Table 1). Similarly, develop-
ment of reproductive parameters was not significantly altered
between the groups. There was a tendency for vaginal openings to
occur earlier in the offspring whose mothers were non-handled
during pregnancy than in the offspring ofhandled mothers, but the
difference did not reach statistical significance (z-value = 1.36,
d.f. = 1, P <-0.17) (Figure 1). Uterine wet weights were similar in
the 25- and 50-day-old offspring of mothers handled during preg-
nancy or left undisturbed (Table 1). Finally, serum E2 levels were
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Figure 2 The proportion of mammary tumours during a 12-week observation
period that begun 6 weeks after an oral administration of 10 mg of DMBA in
offspring of mothers who were handled (n = 26) or left unhandled (n = 16)
during pregnancy. Tumour incidence was significantly lower in the handled
rats (P< 0.043)
not significantly altered in the adult offspring exposed to handling
in utero (Table 1).
Mammary tumorigenesis
The incidence of mammary tumours (proportion of animals per
group with tumours) was significantly lower in female rats whose
mothers were handled during pregnancy when compared with
offspring of non-handled rats (z-value = 2.03, d.f. = 1, P <.0.043)
(Figure 2). Thus, on week 18 when the animals were sacrificed,
15% of the handled animals had developed mammary tumours,
while 44% of the non-handled animals had tumours. No differ-
ences in the other parameters of mammary tumour development
(latency to tumour appearance, size upon first detection and tumor
growth rate) were observed (data not shown).
Experiment 2: post-natal handling
Weightgains
Early post-natal handling of female rats did not have a significant
effect on body weight gain (Figure 3).
Mammary tumorigenesis
The female rats handled during post-natal days 5 to 20 developed
significantly fewer mammary tumours (proportion of animals per
group with tumours) than the animals not exposed to post-natal
handling (z-value = 2.04, d.f. = 1, P <.0.042) (Figure 4). On week
18, the mammary tumour incidence among the handled animals
was 22% and among the non-handled animals 44%. The latency to
tumour appearance was also longer in the handled than non-
handled female rats (t = 2.36, d.f. = 19, P <.0.03). The size of the
tumourupon flrst detection and tumour growth rate were similar in
the handled and non-handled rats (Table 2).
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Figure 3 Body weight in female rats before and after a daily post-natal
handling occurring between days 5 and 20. The means + s.e.m. of 23
handled and 36 non-handled animals are shown
Table 2 The latency for the appearance of a tumour, mean area of tumours
at first detection and tumour growth rate in DMBA-treated rats exposed to
handling during post-natal days 5 to 20 (n = 23; final number of animals with
tumours n = 5, 22%) or left undisturbed (n = 36; final number of animals with
tumours n = 16, 44%)
n Non-handled n Handled
Tumour latency (weeks) 19 12.9 ± 0.7 7 15.0 ± 0.5*
Tumour area (mm2) 14a 80.1 + 13.2 5a 67.0 + 3.2
Tumour doubling time (days) 14a 12.9 ± 4.3 5a 11.0 ± 4.3
n, Number of tumours. aProliferating tumours. Statistically significant
difference: *P < 0.05
DISCUSSION
We found that maternal handling during pregnancy significantly
reduced the incidence of carcinogen-induced mammary tumours
in the offspring. We also confirmed our previous observation
(Hilakivi-Clarke et al, 1993b) showing a reduction in the
mammary tumour incidence in rats exposed to daily handling after
birth. These results support the findings that early post-natal
handling reduces the growth of tumour cells in rats (Ader, 1965).
However, as perinatal handling may stimulate the growth of
leukaemia cells in mice (Levine and Cohen, 1959), handling is not
protective towards all neoplastic changes. Based on the present
data, breast cancer may be among those cancers for which the inci-
dence may be reduced by early handling manipulations.
Early oestrogenic environment apparently plays an important
role in influencing the risk to develop breast cancer (Trichopoulos,
1990; Walker, 1990; Anbazhagan et al, 1992; Hilakivi-Clarke et al,
1994). In utero exposure to oestradiol or a high-fat diet that
elevates serum oestradiol levels while in utero increases the
incidence of carcinogen-induced mammary tumours in rats when
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Figure 4 The proportion of mammary tumours during a 12-week observation
period that begun 6 weeks after an oral administration of 10 mg of DMBA in
rats who were handled (n = 23) or left unhandled (n = 36) during post-natal
days 5 and 20. Tumour incidence was significantly lower in the handled rats
(P < 0.042)
compared with the appropriate controls (Hilakivi-Clarke et al,
unpublished data). A reduction in breast cancer risk has been
reported among daughters of women who suffered from pregnancy-
induced hypertension (pre-eclampsia and eclampsia) (Ekbom et al,
1992), which is characterized by low circulating oestrogen levels.
Handling may also affect serum E2 levels. Various studies have
shown that maternal stress alters the concentrations of sex
hormones in pregnant animals and their offspring (Ward and Weisz,
1980, 1984; Vom Saal et al, 1990; MacNiven et al, 1992) and causes
feminization and demasculinization of behaviour in male offspring
(Ward, 1972; Dahlof et al, 1977; Crump and Chevins, 1989).
In our previous study (Hilakivi-Clarke et al, 1993b), early post-
natal handling reduced the incidence of carcinogen-induced
mammary tumours, but it also temporarily slowed down the
weight gain in prepubertal rats. We speculated that weight gain
contributed to the findings (Hilakivi-Clarke et al, 1993b). In the
present study in which we replicated the earlier study ofpost-natal
handling and mammary tumorigenesis, weight gains were similar
in the handled and non-handled female rats during the manipula-
tion period. Thus, the effects of early post-natal handling on
mammary tumorigenesis occur through mechanisms that have not
yet been identified. The same is true for prenatal handling. Among
the mechanisms that could be altered are maturation of the
mammary gland and/or expression of specific genes. Changes in
immune parameters may also be involved.
We did not investigate the effect of perinatal handling on
mammary gland development. Our previous studies have shown
that those maternal dietary/oestradiol manipulations during preg-
nancy that increase breast cancer risk in the offspring also alter the
pattern ofmaturation ofthe mammary gland (Hilakivi-Clarke et al,
1997). In particular, the number of structures known to be targets
of neoplastic transformation is increased, and their differentiation
is reduced. These changes in the mammary gland morphology may
participate in altering breast cancer risk in animals exposed to
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perinatal manipulations. There is also evidence that perinatal
hormonal manipulations affect expression of oestrogen-regulated
genes in oestrogen's target organs (Nelson et al, 1994).
The role ofthe immune system in breast cancer is unclear (Early
Breast Cancer Trialists' Collaborative Group, 1992; Green, 1993).
An elevated immune response (B-cell function) has been found in
rats and mice handled daily from birth to weaning (Lown and
Duckta, 1987), but a decreased immune response or no response in
mice has also been reported (Raymond et al, 1986). We observed
that rats handled during the early post-natal period, as adults,
exhibited significant increases in natural killer cell activity (Fride
et al, 1990). The handled rats possessed a reduced number of T-
cells andT-suppressor/cytotoxic cells, expressed as a percentage of
spleen lymphocytes. The helper/suppressor T-cell ratio was signif-
icantly increased in neonatally handled rats when compared with
non-handled controls (Fride et al, 1990). These observations
suggest that early handling does affect the immune system;
however, its relevance to mammary tumorigenesis is not clear.
As the effects of DMBA in inducing mammary tumours are
strongly influenced by hormonal environment at the time of
DMBA exposure (Jordan, 1974, 1976; Russo and Russo, 1991),
we studied several aspects of the reproductive system in the rats
whose mothers were handled during pregnancy. There was no
indication that circulating E2 levels would have been changed in
the handled offspring. This is in line with our previous data
showing that early post-natal handling (Hilakivi-Clarke et al,
1993b) or in utero dietary fat/oestradiol manipulations (Hilakivi-
Clarke et al, unpublished data) do not alter circulating E2 levels in
adult animals. Uterine wet weights were also normal in the rats
exposed to prenatal handling. Thus, our data may not reflect an
interaction occurring between DMBA exposure and oestrogenity
at the time of the carcinogen administration. However, early
handling also alters the ACTH and corticosterone response to
stress (Meaney et al, 1991; Bhatnager and Meaney, 1995), and
both ACTH (Huggins, 1987) and corticosteroids (Carter and
Carter, 1988; Carter et al, 1988) affect mammary tumorigenesis. It
is possible that altered ACTH and corticosterone responses to
weekly examination of palpable tumours among the rats exposed
to prenatal handling contributed to their reduced mammary tumour
incidence.
In conclusion, handling of pregnant rats reduces mammary
tumour incidence among the female offspring. The mechanism
mediating this effect remains to be identified, but it may be linked
to altered in utero hormonal environment induced by stress and/or
possible morphological and functional changes in the developing
mammary gland or immune system.
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